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C H A P T E R I 
I N T R O D U C T I O N 
CHAPTER - I 
I N T R O D U C T I O N 
Solid-liquid interactions have always been of 
interest for many workers becaixse of the diversity of the 
phenomena involved and imroence applications in chemistry 
and related sciences. When a solute ( dissolved in a 
liquid ) is brought into contact with a solid, some of it 
is uptaken by the latter. The phenomenon of the uptake 
of a solute by a solid is referred to as sorption. In 
sorption the solute molecules are sorbed either by the 
inner frame work of the solid in contact with the solution 
or by its surface only. Certain solid materials are capa-
ble of releasing solute (ions) uptaken by the inner frame 
work when it comes in contact with an electrolyte solution. 
This gives an idea of the "ion exchange" process. Some oth< 
materials hold the solute on their surface only and the 
process is called as "adsorption". 
Ion exchange basically involves the combination 
of mass action equilibria. Ion exchanger is an insoluble 
material which consists of a charge matrix and exchangeable 
ions. The exchangeable ions which have the charge opposite 
to the matrix are called "counter ions" and those which 
have the same charge as the matrix are called "coiPns". 
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If an ion exchanger« containing exchangeable 'A* 
ions, is brought in contact with a solution containing 'B* 
ions then the exchange process may be represented by the 
equation : 
X + Bv '^B + A 
where barred syiabols denote the ion exchanger phase. Since 
it is a reversible process an equilibrium is conventionally 
set in which some o£ the ions initially present in the 
exchanger phase have been replaced by the ions from the 
solution phase. Ion exchangers are, thus, the insoluble 
materials carrying the exchangeable cations or anions that 
can be exchanged for a stoichiometrically equivalent amount 
of other ions of the same sign which come in contact with 
an electrolyte solution. Figure 1.1 shows a matrix of 
an organic resin which has a negative surplus charge and 
contains positive counter ions. The ion exchangers are 
classified on the basis of the charge of the counter ions. 
Carriers of exchangeable cations are called as "cation ex-
changers" and those of exchangeable anions "anions exchan-
gers". The materials capable of both cation and anion 
exchanges are called as "amphoteric ion exchangers". 
Adsorption is a fundamental nattiral process. 
Adsorption of a material forms one of the most fascinating 
areas of chemistry. Since the molecules on the sxirface 
have an environment different from those in the bulk of the 
</ 
MATRIX WITH FIXED CHARGES 
0 COUNTER IONS 
0 CO-IONS 
FIG.1.1 STRUCTURE OF ION EXCHANGE RESIN 
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material, the surface energy is different from the energy 
of the bulk (1), Concentration of the molecules of a gas 
or a liquid on the surface of a solid is termed as "adsor-
ption". This process is different from "absorption" which 
results frcm the penetration of one component throughout 
the body of another. The material that is adsorbed on to 
the surface is called "adsorbate" and the underlying mate-
rial is called "adsorbent" or "substrate". 
Adsorption is of utmost importance in the field 
of agriculture, industries and analytical chemistry. Adsor-
ption of pollutants by soil, of dyes by wool and cotton, 
of impurities by insoluble precipitates are well known 
examples. Similarly adsorption indicators and adsorption 
chromotography are also well known in the chemical analy-
sis. Another important application of adsorption is in 
catalysis, A surface can catalyse numerous reactions 
depending upon the configuration of the adsorbed molecules 
and the nature of the adsorbent, A study of adsorption 
phenomenon helps us in understanding the process by means 
of a molecular model. 
The photoelectron spectroscopy method such as 
ESCA can be applied to reveal saxie of the bonding proper-
ties of the adsorbed species. In surface studies this is 
normally referred as photoemission spectroscopy. Varie-
ties of vibration spectroscopy also reveal the natiure of 
the adsorbed species, and in particular whether the disso-
ciation has occurred. Infrared absorption spectra can 
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be obtained by using infrared transparent materials and 
a technique that involves total internal reflection. 
Adsorption is sometimes classified as physical 
and chemical. The physical adsorption is called as 
"physisorption" and chemical adsorption as "chemisorption". 
In the former the molecules are adsorbed to a solid sxirface 
by essentially the physical forces. In chemisorption, how-
ever, the molecules form the chemical bonds with the solid 
surface. In case of physical adsorption, there is a van-
der Waal's interaction (for instance, dispersion or polar 
interaction) between the surface and the adsorbed molecule. 
This is along range but weak interaction and the amount 
of energy released^when a molecule is physisorbed^is of 
the order of the enthalpy of condensation. This energy 
can be absorbed as vibrations of the lattice and dissipated 
as heat, A molecule bouncing across the surface will lose 
its kinetic energy and stick to surface resulting in the 
rise in temperature of the system i.e.heat is evolved. In 
chemisorption, the molecules stick to the surface as a 
result of the formation of a chemical and usually covalent 
bond and tend to find the sites that increase their coor-
dination number with the substrate. The energy of attach-
ment is very much greater than in physisorption. Due to 
chemisorption the surface exhibits a catalytic activity. 
Generally, all the adsorption process are 
exothermic i.e. heat is given out. 
And the A H for the process 
Gas or Liquid >Adsorbed layer 
should be negative except for a few cases. The argianent 
behind this statement runs as follows: A spontaneous 
process requires a negative ^ G. Since there is a reductior 
in translational freedom when a species is adsorbed* As 
is negative. Therefore,AH must be negative if AG = AH -
TAS is to be negative. An exception may occur when the 
adsorbate . dissociates and has high translational mobili-
ty on the surface. The hydrogen is adsorbed endothermi-
cally ( A H > 0 ) on glass (2) because there is a large 
increase of translational entropy accorapaying the disso-
ciation of the molecules and this increase is not comple-
tely lost because the adsorbed atoms have a high transla-
tional mobility. The net change of entropy for the process 
^ Hj (g) > H* ( glass ) 
is positive and the TAS dominates the small positive AH, 
Plotting of adsorption isotherm is the most con-
venient way of studying and understanding the nature of 
adsorption taking place in a particular system. The 
isotherms are obtained by plotting the amount adsorbed 
against the equilibrixim concentration at any instance at 
a particular temperature. Pour types of isotherms are 
identified on the basis of the shape of the initial part 
of the isotherm. This classification had been reported(3) 
and theortically explained (4) by Giles et al. Various 
shapes of the isotherms considered are shown in figure 
1,2 and can be characterized as follows: 
1. Langmuir or L-type isotherms. 
2. The S - type isotherms, 
3. The High affinity or H - type isotherms 
4. The constant partition or C - type isotherms. 
The L - type isotherms are most common. They 
are characteraedby an initial region which is concave 
to the concentration axis. For the S - t^e the initial 
region is convex to the concentration axiS/ which is fre-
qeuntly followed by a point of inflection leading to an 
S - shaped isotherm. The H-type isotherm results from 
the extremely strong adsorption at very low concentration 
giving an apparent intercept on the ordinate. Finally, 
the C - type isotherm has an initial linear portion which 
Indicates a constant partition of the solute between the 
solution and the adsorbent and occurs with the microporous 
adsorbents. 
The different models for adsorption, applicable 
to both gases and liquids, are available in literature. 
They are however being discussed in brief as follows; 
1, LANGMUIR MODEL 
According to this model langmuir proposed 
^e^\ » IA# I/b + (I/b), Cg 
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FIG. 1.2 CLASSIFICATION OF ISOTHERM SHAPES 
Where C is the equilibrium concentration and A is the 
amount adsorbed per specified amount of adsorbent^ K is 
the equilibrium constant and b is the amount of adsorbate 
required to form a amonolayer. Hence a plot of C /A 
e m 
versus C should give a straight Ine with a slope "l/b* and 
intercept as ( l A 1/b) • 
I I ) FREUNDLICH MODEL : 
m e 
According to this model, 
1/n 
or In A^ » Ink + 1/n. m c 
. m e 
Where all the terms have the usual significance 
and n is an emperical constant. Thus a plot of In Am versus 
In C should give a straight line with a slope "l/n" and 
intercept "Ink"" 
This model deals with the multilayer adsorption 
of the substance on the adsorbent. 
Ill) BET MODEL : 
This model was given by Birunauer, Emmet, and 
Teller for a multilayer adsorption. 
This equation may be rewritten as 
(1 A)A - lA + ( ^ ^ ) Z. 
m 
10 
c 
where Z = — s ^ 
A^ (mon) C 
C. « Initial concentration of adsorbate 
Where C is constant at any given temperatxire and 
C s e -<Si - \ ^ /RT 
Where E- = Heat of adsorption of the first layer 
E- «s Heat of total adsorption 
ii 
R = universal gas constant 
T = Temperature 
When C is large (^  100) the equation may be changed to 
m •^ X 
A (mon) I - z 
m 
Thus a plot of ' (l-Z)A versus Z should give a 
m 
c — 1 
straight line with a slope •• • and intercept as 1/K. 
Hence we can find out A (mon) and total surface area of the 
m 
a d s o r b e n t by u s i n g t h e s e e q u a t i o n s , 
IV) TEMKIN MODEL : 
Th i s model d e a l s w i th t h e a d s o r p t i o n of s o l u t e on 
t h e a d s o r b e n t s w i th t h e assumpt ion t h a t t h e r e a r e a n o , of 
e n e r g e t i c a l l y unequal a d s o r p t i o n s i t e s p r e s e n t i n t h e 
a d s o r b e n t . 
The Temkin i s o t h e r m i s 
A^ = C. I n ( C , , K C ) 
m l z e 
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where C^ and C, are constants and correspond to the 
supposition that the enthalpy changes linearly with 
concentration. 
The adsorbents which have been commonly studied 
are alumina, silica, carbon, and cellulose (5), In addi-
tion to these some adsorption studies have also been reportei 
on tin oxide, titanium oxide, thorium oxide and zirconium 
oxide (6). Out of these carbon is probably the most 
interesting one. It occurs in a variety of forms e.g. 
graphite charcoal, graphitised carbon black and bone 
charcoal. Activated carbon (AC), usually in the form of 
charcoal, is sometime used for the chrometogrphic column. 
It has a great affinity for all types of solutes because 
its surface contains not only carbon in a graphite lattice, 
but also a variety of polar and ionic groups. It contains 
a carboxylic group and exchangeable hudrogen ions. So AC 
also play a role of an ion exchanger. The simple adsor-
ption behaviour of carbon has been explored by Garten and 
Weiss (7) while the adsorptioion exchange properties of 
pure graphite have been investigated by Galbraith (8), 
AC filled with inorganic materials have also been used as 
an adsorbent in addition to simple AC. A survey of lit-
reture shows that the following adsorption studies have 
been made on AC. 
1) Adsorption of hydrocarbons 
2) Adsorption of alcohols 
3) Adsorption of phenols 
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4) Adsorption of Organic acids 
5) Adsorption of dyes 
6) Adsorptionof pesticides and pollutants 
7) Adsorption of inorganics, 
Bilello et al developed a mini dynamic adsorption 
technique for determining the carbon adsorption capacities 
(9). Adsorption of aromatic hydrocarbons on AC have been 
studied by koval's Kaya et al (10), They also measured 
the capacity on a damp and dry sorbent, Pirbazari et al 
studied the selective removal of benzene from water with 
the help of AC in the presence of other organic acids such 
as huraic acid (11), The breakthrough curves for the adsor-
ption of hexane, benzene and ethane were obtained by 
Kitagawa (12, 13). He found a linear relationship between 
the breakthough time and bed volume (12), A corelation 
between the adsorption coefficients of potfcssiiom salts of 
nitroalkane and their degree of hydration and polarizabi-
lities has also been made by Andreev, The adsorption 
increases with a decrease in the free energy of hydration 
in the order KC(N03)3> KCH (N03)2) KCH2 (NO3) (14), 
The adsorption of aliphatic and aromatic alcohols 
on AC have been studied by many researchers. This study 
has been reported both on the activated griftnular and fibrous 
carbons (15,16,17), Rozadowski determined the sorption and 
desorption mechanisms with the help of thermodynamic measure-
ment (18), Gorchakova et al proposed the effect of tempera-
ture on the molecular rearrangement of adsorbed alcohols 
13 
on BAU carbon (17). 
Adosrption of phenols from dilute aqueous 
solutions on porous and non-porous carbon and AC have 
been reported. Vincenzo et al studied the thermoanalytical 
properties on AC for the adsorption and desorption of 
phenols (19), Russel et al performed the equilibrixim 
studies for different phenols and found a fast attainment 
of equilibrium with powdered AC as compared to the granular 
one (20). The effect of temperature on the nature of sur-
face and adsorption of phenol was studied by Mahajan et 
al (21). 
Numerous studies on adsorption of organic acid 
on AC have also been reported in litreture. Chubarova 
et al studied the sorption capacity of AC for adipic acid 
from aqueous solution under the cyclic operation condi-
tions (22). The fate of fulvic acid during the water 
treatment was studied by Breeman et al (23), while its 
identification by adsorption on AC was studied by Stanis 
law et al (24). 
Nowadays the dyes are also being removed from 
dyind effluents by adsorption on AC. The temperature, 
the nature of the dye and AC>and the presence of some 
electrolyte have a market effect on their adsorption 
behaviour. Increase in temperature and the addition of 
NaCl increases the adsorption rate and lenthens the break-
through time of dyes (25). Gordon proposed a three step 
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model for the adsorption of dyes on AC (26,27,28). 
Adsorption of pesticides and pollutants are 
also of interest. The adsorption of alfatoxin Bl, the 
lung and gastrointestinal toxicant, was studied by Deeker 
et al and effective conditions were dtermined (29). Kalpin 
observed that AC is capable of adsorbing staphtococial toxin 
at a rate of 7.7 unit toxin/gm of carbon (30). The adsor-
bing capacity of AC increases three times when the carbon 
is coated wii^ antistephtococialK-globutin fraction or huma 
hyper immune plasma. Yashitaka et al studied the effective 
surface diffusitivities of an aqueous solution of chlorina-
ted organics in water on activated carbon using different 
concentrations (31). Legana et al studied the behaviour 
of fifty one compounds on graphitised carbon. The sorption 
capacities and the extent of recoveries for chlorinated 
pesticides were determined (32). Whitaker et al have used 
the isothermal and continuous flow column systems for the 
adsorption studies of selectd pesticides by AC (33). 
Lovett and Peltorak reviewed the used of AC for the control 
of odourous air pollutants (34). The use of AC for the 
treatment of municipal, industrial and waste waters has 
been reviewed in detail with a large ntimber of references 
(35,36,37). Seighfried reviewed the method of calculation 
of breakthrough curves for the adsorption kinetics of 
organic pollutants in air on AC (38). 
15 
Different methods have been employed for the 
determination of the degree of adsorption of inorganics 
on the surface of AC, Kraus et al conducted the adsorption 
experiments of acids from concentrated electrolytes by 
AC (39), The studies included the removal of HNO- from 
LiNO- solution, HCl from NaCl, and LiCl and HCIO^ from 
NsdLO. solutions. The amount of water present in the car-4 
bon pores is related to the water-organic solution model. 
Huang removed Cr from electroplating and metal finishing 
waste water effectively with the help of AC (40). He also 
reviewed the chemical interactions between inroganics and 
AC (41). Ryszard and Witold used AC as an anode for the 
electrode position of Ni,Cu and Zn (42). The potentiomet-
ric studies on AC and carbon black,immersed in aqueous 
solution of electrolytes,were conducted by Helena et al 
(43), The samples studied were subjected to the various 
modified treatments: doninerallsation, oxidation in liquid 
and gaseous phases, saturation with hydrogen and degassing 
etc. The contact time, the amount of ions in the solution 
and change in pH have a marked effect on the potential of 
carbon. The adsorption of strontium on AC indicates that 
it increases with the equilibrium time and at pH 1,5-3(44), 
The sorption of Cl~, Br" and I~ from an aqueous methanol 
solution on AC pretreated with HP and Nad was reported 
by Jankawska (45), 
The AC has also been utilised in the purification 
of air from inorganic gases and vapours. The impurity va-
pours of ammonia and acids were removed from air by krokov 
u 
(46). Inorganic material have long been utilised in the 
removal of impurities from water and waste water, where 
the surface and/or bulk adaorption takes place. The ion 
exchange mechanism have been fotmd to play a significant 
role in these processes, 
Kraus et al in 1974 reported that AC can be 
used as a carrier for inorganic adsorbents which by them-
selves are difficult to prepare in the forms suitable for 
column operation (47), The 'filled* AC combines the 
hydraulic properties of the granular AC with the specific 
adsorptive propertis of the 'filler*. The AC filled with 
ZnS and CdS were also prepared by Kraus et al (48). 
2n C - AC has been reported as an excellent adsorbent for 
silver. The method also represents the kinetics of adsor-
ption on filled AC. Kraus et al also prepared AC filled 
with SnO^* which is found to have an unsually high selecti-
vity for lithium permitting its separation from other 
alkali metals (49), They also prepared AgCl filled AC, 
which is selective for l" (50), 
As it is clear from the above only a little work 
has been done on the adsorption of pollutants onAC. Table 
1,1 shows the various organic cc»nounds containg a tertiary 
nitrogen which are causing pollution. They are the worst 
offender to the environmental peace and the ecological 
balance as they are central nervous system (CNS) depre-
ssants and skin irritants. They cause respiratory tract 
and gastrointestinal (GI) disturbances, damages kidneys 
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and liver and are suspected carcinogens. Organics 
containing a tertiary nitrogen group add up to the envir -
oninent as a result of degradation of proteinaceous mate-
tifil« indxistrial wastes and chemicals used in agricultural 
practices and are causing land, water and air pollution. 
A number of methods (51-63) have been employed for the 
detection, determination and separation of these pollu-
tants. Methods employed recently are summerised in table 
1.2. 
In view of the above we have undertaken the 
present project for a systematic study of the adsorption 
of organic pollutants containing a tertiary nitrogen. 
This study describes the results obtained on the adsorp-
tion of nicotinic acid and 2,6 - lutidine on Activated 
carbon. 
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C H A P T E R I I 
ADSORTION OP NICOTINIC ACID ON ACTIVATED CARBON 
I N T R O D U C T I O N 
Pollution is a burning problem, nowadays, owing 
to the increased industriallization and population overflow. 
All sorts of efforts are being made towards the pollution 
control. Use of adsorbents particularly activated carbon is 
one of the reost fascinating way for the removal of pollutants 
from air and water. The American and Netherland water works 
association have reported the use of activated carbon for 
the removal of volatile organic compounds from drinking watei 
(1). Recently Nishino et al (2) have reviewed the role of 
activated carbon for water and waste water treatment while 
Shelygin et al (3) reviewed the adsorption for the removal 
of pollutants from waste gases. Removal of Chiorohydr©car-
bon from water by ozonation and extended granular activated 
carbon adsorption was reported by Awazi (4), Sander (5) 
reported the use of filter of granular carbon for the puri-
fication of drinking water from organic contaminants and 
NH. • Lulek et al (6) removed the organic substances from 
water by passing through the activated carbon. They also 
analyzed the adsorption isotherms of Phenol, indole and 
lauryl sulphate on different types of carbons. Various othe] 
studies have been conducted to examine the static and dynami< 
adsorption behaviours of activated carbon toward pollutants 
in the treatment of water and waste water ( 7 - 10), 
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The present study is aimed to see the adsorption 
behaviour of activated carbon for nicotinic acid, a tertiary 
nitrogen containing compound. Such compounds are suspected 
to have carcinogenic behaviour, and hence their systematic 
study might reveal some interesting results. The adsorption 
studies have been made in two media, namely, pure water and 
NaCl solution at different temperatures. The appropriate 
thermodynamic paramfeters have also been calculated and dis-
cussed, 
EXPERIMENTAL 
Reagents and Chemicals t 
Activated carbon no - B4 34011 was obtained from 
S.Merck India. Ltd, Nicotinic acid was obtained from 
E.Merck Germany, All other reagents used were of analytical 
grade, 
Apparatus : 
A water bath incubator shaker having a temperature 
variation of + 0,5 C was used for the equilibrium studies. 
Preliminary Treatment of Activated Carbon (AC) ; 
The activated carbon (AC) was used after drying 
at 105°C for 2 hr. It was purified by stirring in IM hydro-
chloric acid for 3 hrs. The AC was then filtered washed wit? 
distilled water till free from chloride ions and dried at 
105 C (11), The washed and dried AC was then kept in a 
soxhlet apparatus for about 10 days. The material was remove 
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from soxhlet, dried and stored in a dessicator over ^ 2^5* 
Solution of Nicotinic Acid (NA) : 
The stock solution of O.IM NA was prepared in 
distilled water. The different volume of stock solution 
were added to give the required concentration of NA in the 
equilibriating solution. 
Adsorption Studies j 
Samples of 0.5 gm. of the purified AC were shaken 
with 50 ml of NA solution of different concentration at 30 , 
40*^ , 50° and 60°C for 72 hours. The preliminary studies 
have shown that equilibrium is reached within this period. 
The adsorption of NA on AC was studied in pure distilled 
water and 0,1M NaCL system. 
After 72 hoxirs the equilibriating solutions were 
filtered and titrated with standard NaOH using phenolphtha-
lin as indicator to find out the equilibrium concentration 
(Ce) of NA, The amount of NA adsorbed on AC (Am) was calcu-
lated from the difference of NA added (Cj,) and NA found (C^) 
in solution after adsorption. 
Thus Am * Ci - Ce 
The units of Ce and Am used in this chapter are m.molesA< 
and m.moles/gm. respectively. 
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R E S U L T S 
The adsorption isotherms ( Am versus Ce ) at 
different temperatures for both the systems are shown in 
Pig. 2.1, Out of the different models available in the 
litreture we have applied a computer simulation technique 
to fit the Langmuir and Prenndlich equations for the adsor-
ption data. The coefficient of least seuares fitting to a 
straight line (r), were compuled for these two models. It 
has been observed that the coefficient for the Langmuir 
isotherms approaches unity more closely as compared to the 
one for the Preundlich isotherms in both the media. The 
results obtained are shown in Table 2.1 - 2.4. Hence the 
Langmuir isotherms appear to be a better represnetation for 
all these studies. The plots of Langmuir isotherm are 
represented in Pig. 2,2. The points indicates the observed 
data and the lines corresponds to the fitted data. 
The thermodynamic parameters In K,AQ, A s , and 
A H were computed from the equations given below In K was 
calculated from the intercept ( 1/k.l/b) of the Langmuir 
isotherm* 
The free energy change (^G) was calculated from 
the relation. 
AG m -RT InK 
Similarly the enthalpy change AH between 30° and 60*^ 0 was 
computed from the following equation. 
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In K = •=^^ + C* 
and the entropy was calculated from the equation, 
AG = AH - T /^  S 
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T a b l e 2 . 1 F i t t i n g of t h e Lancronir Equat ion 
A d s o r p t i o n o f N i c o t i n i c a c i d on a c t i v a t e d 
carbon i n pure aqueous Medium. 
At 30®C 
Ce Am Ce/Am 
0 . 0 8 0 0 
0 . 1 0 4 0 
1 . 3 4 0 0 
0 . 9 6 0 0 
2 . 9 0 0 0 
6 . 4 0 0 0 
9 . 4 0 0 0 
1 6 . 8 0 0 0 
0 . 0 9 2 0 
0 . 4 8 9 6 
0 .9866 
1 . 4 0 4 0 
1 .7100 
1 .8600 
2 . 0 6 0 0 
2 . 3 2 0 0 
0 . 8 6 9 6 
0 . 2 1 2 4 
1 .3582 
0 . 6 8 0 3 
1 .6959 
3 . 4 4 0 9 
4 . 5 6 3 1 
7 .2414 
The S t a t i s t i c a l parameters a r e a s under 
r « 0 . 9 9 ^ 9 , K » 0 . 7 1 1 5 , 1 /b « 0 . 4 0 7 6 
At40®C 
Ce Am Ce/Am 
0 . 1 4 0 0 
0 . 5 7 5 0 
2 . 0 9 5 0 
4 . 8 5 0 0 
8 . 8 5 0 0 
1 4 . 3 0 0 0 
0 . 4 8 6 0 
0 .9426 
1 .2906 
1 . 5 1 5 0 
1 .6150 
1 . 5 7 0 0 
0 . 2 8 8 1 
0 . 6 1 0 0 
1 .6233 
3 . 2 0 1 3 
5 . 4 7 9 9 
9 . 1 0 8 3 
The s t a t i s t i c a l parameter are as under 
r « 0 . 9 9 9 5 , K » 2 . 6 0 6 5 , l / b * 0 . 6134 
^0 
T a b l e 2 . 1 (Coot lnued) 
At 50*^0 
Ce Ara Ce/An 
0 . 0 7 0 0 
0 . 1 4 0 0 
0 . 3 4 0 0 
2 . 1 0 0 0 
6 . 0 0 0 0 
8 . 1 5 0 0 
1 2 . 6 0 0 0 
2 1 . 5 0 0 0 
0 . 0 9 3 0 
0 . 4 8 6 0 
0 . 9 6 6 0 
1 . 2 9 0 0 
1 . 4 0 0 0 
1 . 6 8 5 0 
1 .7400 
1 . 8 5 0 0 
0 . 7 5 2 7 
0 . 2 6 8 1 
0 . 3 5 2 0 
1 .6279 
4 . 2 8 5 7 
4 . 8 3 6 8 
7 .2414 
1 1 . 6 2 1 6 
The s t a t i s t i c a l parameters are a s under 
r « 0 . 9 9 6 9 , K « 0 . 9 9 4 9 , 1 /b » 0 . 5 2 6 1 
At 60°C 
Ce An Ce/Am 
0 . 1 7 7 1 
0 . 3 4 3 1 
1 . 9 8 0 0 
3 . 2 4 0 0 
5 . 7 5 0 0 
1 0 . 3 0 0 0 
1 2 . 0 0 0 0 
0 .4824 
0 . 9 6 5 7 
1 . 3 0 2 0 
1 . 6 7 6 0 
1 .9286 
1 . 9 7 0 0 
2 . 7 6 0 0 
0 . 3 6 7 1 
0 . 3 5 5 3 
1 .5207 
1 .9332 
2 . 9 8 1 4 
5 . 2 2 8 4 
4 . 4 9 2 8 
The sta-t{isticcil p a r a m e t e r s are a s under 
r = 0 . 9 6 5 9 , K = 0 . 7 2 5 3 , 1 /b = 0 .3824 
a 
Table 2,2 Fitting of the Preundllch equation 
Adsorption of Nicotinic Acid on Activated 
carbon in pure aqueous medium. 
At 30°C 
Ce 
0.0800 
0.1040 
1.3400 
0.9600 
2.9000 
6 .4000 
9 .4000 
16.8000 
Am 
0.0920 
0.4896 
0.9866 
1.4040 
1.7100 
1.8600 
2.0600 
2.3200 
InCe 
-2 .5257 
-2 .2634 
0.2927 
-0 .0408 
1.0647 
1.8563 
2.2407 
2.8214 
In Am 
- 2 . 3 8 6 0 
-0 .7142 
-0 .0135 
0.3393 
0.5365 
0.6209 
0.7227 
0.8416 
The s ta t i s t i oa l parameters are as under 
r B 0 .8862, K » 0 .8068, 1/n » 0 .4831 
At 40*^ C 
Ce 
0 . 1 4 0 0 
0 . 5 7 5 0 
2 . 0 9 5 0 
4 . 8 5 0 0 
8 . 8 5 0 0 
1 4 . 3 0 0 0 
Am 
0 . 4 8 6 0 
0 . 9 4 2 6 
1 .2906 
1 . 5 1 5 0 
1 . 6 1 5 0 
1 . 5 7 0 0 
InCe 
- 1 . 9 6 6 1 
- 0 . 5 5 3 4 
0 . 7 3 9 6 
1 . 5 7 9 0 
2 . 1 8 0 4 
2 . 6 6 0 4 
InAm 
- 0 . 7 2 1 5 
- 0 . 0 5 9 1 
0 . 2 5 5 1 
0 . 4 1 5 4 
0 . 4 7 9 3 
0 . 4 5 1 1 
The s t a t i s t i c ^ parameters are as under 
r = 0 .9549, K • 0 .9429 . 1/n » 0,2527 
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Table 2.2 (Continued) 
At 50°C 
Ce 
0 . 0 7 0 0 
0 . 1 4 0 0 
0 . 3 4 0 0 
2 . 1 0 0 0 
6 . 0 0 0 0 
8 . 1 5 0 0 
1 2 . 6 0 0 0 
2 1 . 5 0 0 0 
Am 
0 . 0 9 3 0 
0 . 4 8 6 0 
0 . 9 6 6 0 
1 . 2 9 0 0 
1 . 4 0 0 0 
1 . 6 8 5 0 
1 . 7 4 0 0 
1 . 8 5 0 0 
InCe 
- 2 , 6 5 9 3 
- 1 . 9 6 6 1 
- 1 . 0 7 8 8 
0 . 7 4 1 9 
1 .7918 
2 . 0 9 8 0 
2 . 5 3 3 7 
3 . 0 6 8 1 
InAm 
- 2 . 3 7 5 2 
- 0 . 7 2 1 5 
- 0 . 0 3 4 6 
0 . 2 5 4 6 
0 . 3 3 6 5 
0 . 5 2 1 8 
0 . 5 5 3 9 
0 . 6 1 5 2 
The s t a t i s t i c a l parameters are as under 
r • 0 .6380, K « 0 .7168, 1/n = 0.4005 
At 60**C 
Ce 
0 . 1 7 7 1 
0 . 3 4 3 1 
1 . 9 8 0 0 
3 . 2 4 0 0 
5 . 7 5 0 0 
1 0 . 3 0 0 0 
1 2 . 4 0 0 0 
Am 
0 . 4 8 2 4 
0 . 9 6 5 7 
1 . 3 0 2 0 
1 . 6 7 6 0 
1 .9286 
1 .9700 
2 . 7 6 0 0 
InCe 
- 1 . 7 3 1 0 
- 1 . 0 6 9 7 
0 . 6 8 3 1 
1 .1756 
1 .7492 
2 . 3 3 2 1 
2 . 5 1 7 7 
InAm 
- 0 . 7 2 9 0 
- 0 . 0 3 4 9 
0 . 2 6 3 9 
0 . 5 1 6 4 
0 . 6 5 6 8 
0 . 6 7 8 0 
1 .0152 
The s t a t i s t i c a l parameters are as under 
0 .9598, K « 1.0689, l / n • 0.3359 
^3 
T a b l e 2 , 3 F i t t i n g of Lanqmulr Ecru a t i o n . 
A d s o r p t i o n o£ N i c o t i n i c a c i d on a c t i v a t e d carbon 
i n O.IM Nacl Medium 
At 30°C 
Ce Am Ce/Am 
0 . 3 5 0 0 
0 . 8 0 0 0 
1 . 6 0 0 0 
3 . 4 0 0 0 
6 . 0 0 0 0 
9 . 9 0 0 0 
1 8 . 8 0 0 0 
0 . 4 6 5 0 
0 . 9 6 0 0 
1 .3400 
1 .6600 
1 . 9 0 0 0 
2 . 0 1 0 0 
2 . 1 2 0 0 
0 . 7 5 2 7 
0 . 8 6 9 6 
1 . 1 9 4 0 
2 . 0 4 8 2 
3 . 1 5 7 9 
4 . 9 2 5 4 
8 . 8 6 7 9 
The s t a t i s t i c a l parameters are as under 
r 0 . 9 9 9 9 , K « 0 . 8 5 0 7 , 1 /b « 0 .1806 
At 40°C 
Ce Am Ce/Am 
0 . 0 7 0 0 
0 . 1 5 0 0 
0 . 8 0 0 0 
1 . 7 4 0 0 
4 . 0 0 0 0 
7 . 3 0 0 0 
8 . 4 0 0 0 
1 4 . 8 0 0 0 
0 . 0 9 3 0 
0 . 4 8 5 0 
0 . 9 2 0 0 
1 .3260 
1 .6000 
1 .7700 
2 . 1 6 0 0 
2 . 5 2 0 0 
0 . 7 5 2 7 
0 . 3 0 9 3 
0 ,8696 
1 .3122 
2 . 5 0 0 0 
4 . 1 2 4 3 
3 . 8 8 8 9 
5 . 8 7 3 0 
The s t a t i s t l a a r parameters a r e as under 
r - 9 8 3 3 , K = 0 . 5 4 2 2 , 1 / b » 0 .3774 
T a b l e 2»3 ( C o n t i n u e d ) 
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At 50°C 
Ce Am Ce/Aio 
0 . 0 6 0 0 
0 . 1 0 2 0 
0 . 3 4 8 0 
2 . 5 6 0 0 
6 . 4 0 0 0 
1 1 . 1 4 0 0 
1 5 . 7 0 0 
0 . 0 9 4 0 
0 . 4 8 9 0 
0 . 9 4 5 2 
1 . 2 4 4 0 
1 .3600 
1 . 3 8 6 0 
1 .4300 
0 . 6 3 8 3 
0 . 2 0 8 2 
0 . 3 6 0 5 
2 . 0 5 7 9 
4 . 7 0 5 9 
8 . 0 3 7 5 
1 0 . 9 7 9 0 
The s t a t i s t i c a l parameters are a s under 
r « 0 . 9 9 9 2 , K » 2 . 2 5 4 3 , 1 /b 
At60°C 
0 , 6 8 5 0 
Ce Aia Ce/Am 
0 . 0 1 0 0 
0 . 0 7 0 0 
0 .374 0 
2 . 6 4 0 0 
6 . 1 7 0 0 
1 0 . 1 2 0 0 
1 4 . 5 0 0 0 
0 . 9 9 0 
0 . 4 9 3 0 
0 .9626 
1 .2360 
1 . 3 8 3 0 
1 .4880 
1 .5480 
0 . 1 0 1 0 
0 . 1 4 2 0 
0 .3885 
2 . 1 3 5 9 
4 . 4 6 1 3 
6 . 8 0 1 1 
9 . 3 7 9 8 
The s t a t i s t i c a l parameters are as under 
r « 0 . 9 9 8 7 , 2 . 8 2 3 8 , 1 /b = 0 .6434 
4b 
Zable 2,4 Fitting of Freundlieh Equation 
Adsorption of Nicotinic acid on Activated carbon in 
O.IM NadL Meditun. 
At 30°C 
Ce 
0 . 8 0 0 
0 . 1 0 4 0 
1 . 3 4 0 0 
0 . 9 6 0 0 
2 . 9 0 0 0 
6 . 4 0 0 0 
9 . 4 0 0 0 
1 6 . 8 0 0 0 
Am 
0 . 0 9 2 0 
0 .4896 
0 . 9 8 6 6 
1 . 4 0 4 0 
1 . 7 1 0 0 
1 . 8 6 0 0 
2 . 0 6 0 0 
2 . 3 2 0 0 
InCe 
- 2 . 5 2 5 7 
- 2 . 2 6 3 4 
0 . 2 9 2 7 
- 0 . 0 4 0 8 
1 . 0 6 4 7 
1 . 8 5 6 3 
. 2 . 2 4 0 7 
2 . 8 2 1 4 
InAm 
- 2 . 3 8 6 0 
- 0 . 7 1 4 2 
- 0 . 0 1 3 5 
0 . 3 3 9 3 
0 . 5 3 6 5 
0 .6206 
0 . 7 2 2 7 
0 . 8 4 1 6 
The s ta t i s t i ca l parameters are as under 
r » 0 .8821 , K » 0.8068 , 1/n « 0.4831 
At 40°C 
Ce 
0.1400 
0.5750 
2.0950 
4 .8500 
8 .8500 
14.3000 
Am 
0.4860 
0.9426 
1.2906 
1.5150 
1.6150 
1.5700 
InCe 
- 1 . 9 6 6 
-0 .5534 
0.7396 
1.5790 
2.1804 
2.6603 
InAffi 
-0 .7215 
-0 .0591 
0.2351 
0.4154 
0.4793 
0.4711 
The s t a t i s t i c a l parameters are as under 
r = 0 .9549, K « 0.9429 , 1/n » 0.2527 
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T a b l e 2 , 4 (Cont inued) 
At 50^C 
Ce 
0 . 0 7 0 0 
0 . 1 4 0 0 
0 . 3 4 0 0 
2 . 1 0 0 0 
6 . 0 0 0 0 
8 . 1 5 0 0 
1 2 . 6 0 0 0 
2 1 . 5 0 0 0 
Am 
0 . 0 9 3 0 
0 . 4 8 6 0 
0 . 9 6 6 0 
1 . 2 9 0 0 
1 . 4 0 0 0 
1 . 6 8 5 0 
1 . 7 4 0 0 
1 . 8 5 0 0 
InCe 
- 2 . 6 5 9 
- 1 . 9 6 6 1 
- 1 . 0 7 8 8 
0 . 7 4 1 9 
1 .7918 
2 . 0 9 8 0 
2 . 5 3 3 7 
3 . 0 6 8 1 
InAm 
- 2 . 3 7 5 2 
- 0 . 7 2 1 5 
- 0 . 0 3 4 6 
0 . 2 5 4 6 
0 . 3 3 6 5 
0 . 5 2 1 8 
0 . 5 5 3 9 
0 . 6 1 5 2 
The s t a t i s t i c a l parameter s a r e as under 
r « 0 . 8 6 3 8 , K m 0 . 7 1 6 8 , l / n « 0 . 4 0 0 5 
At 60®C 
Ce Am InCe InAm 
0 . 1 7 7 1 
0 . 3 4 3 1 
1 . 9 8 0 0 
3 . 2 4 0 0 
5 . 7 5 0 0 
1 0 . 3 0 0 0 
1 2 . 4 0 0 0 
0 . 4 8 2 4 
0 . 9 6 5 7 
1 . 3 0 2 0 
1 . 6 7 6 0 
1 .9286 
1 . 9 7 0 0 
2 . 7 6 0 0 
- 1 . 7 3 1 0 
- 1 . 0 6 9 7 
0 . 6 8 3 1 
1 .1756 
1 .7492 
2 . 3 3 2 1 
2 . 5 1 7 7 
- 0 . 7 2 9 0 
- 0 . 0 3 4 9 
0 . 2 6 3 9 
0 . 5 1 6 4 
0 . 6 5 6 8 
0 . 6 7 8 0 
1 .0152 
The stat . ist icel . p a r a m e t e r s are as under 
r = 0 . 9 5 9 8 , K - 1 . 0 6 8 1 , l / n = 0 . 3 3 5 9 
^7 
D I S C U S S I O N 
The adsorption of nicotinic acid (NA) on activa-
ted carbon (AC) has been studied as 30*^ , 40 , 50° and 60*^ C 
in the following media. 
1) Pure water 
2) O.IH Nacl solution. 
All the isotherms (Pig, 2,1) follow the Langmuir-
ian type pattern as is evident on comparing the coefficients 
of determination of.least square fitting sho%m in table 2.1 -
2.4, Most of the isotherms belong to the L^ type (Pig. 1.2) 
and are sigmoid in nature except the isotherm at 40°C, in 
presence of NaCl, which is of L type. The adsorption 
isotherm at 60 C shows a steep rise in adsorption isotherm 
at Cey 10 ro.moles/L* The adsorption of NA does not show a 
regularly increasing or decreasing trend in any of these 
systems over the temperature range studied* With an increase 
in the concentration of NA in the solution phase the adsor-
ption increases and a cross - over of the adsorption iso-
therms occurs in a complex manner in both the media. As the 
plots of maximum adsorption (Am) against temperature at 
different critical equalibrium concentration suggest (Fig. 
2.3), the maximum adsorption (2.76 m.«oles/gm) is obtained 
at 60 at Ce^lO m. moles/L in pure oqueous system. However, 
in the presence of Nacl the maximum adsorption (2.4 m.moles/ 
gm) is observed at 40°C at Ce^l4 m.moles/L, Thus, in pre-
sence of NaCl at 40*^ C and in its absence at 60°C show unique 
behavioior. The unique behaviour may be interpreted in term 
of the different types of arrangment of NA molecules at the 
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surface of AC. The shape of isotherms and the enthalpy 
data indicate that the adsorption of NA on AC is due to 
Physisorption (12). 
The plateaus are obtained in the adsorption 
isotherms at 50°C in NaCl medium and at 40 C in pure 
aqueous meditun due to a complete monolayer formation of 
NA on the surface of AC, The maximxim slope in the NaCl 
medixom was found to be 0,68 at 50°C and 0.61 in pure 
aqueous medium at 40 C. We obtained the amount of NA 
needed to form a monolayer on AC (b) corresponding to 
these values. Thus we get b « 1.47 m. moles/gm. at 50 C 
in present of Nad and b s 1.64 m. moles/gm. at 40 in its 
absence* Thus an average of about 1.56 m.moles/gm. of NA 
is needed to form a complete monolayer on the surface of 
AC. 
A. critical analysis of the adsorption isotherm in 
pure aqueous system reveals that the adsorption of NA on 
AC increases with the rise in temperature from 40° to 60 C. 
The total adsorption at 30°C shows an abnormal value i.e. 
between 50 and 60 C. This anamoly may be interpreted in 
term of increased adsorbate - adsorbent interaction i.e. 
a strong hydrogen bonding between the functional groups of 
NA and that of AC. A steep rise in adsorption isotherm 
at 60 C above Ce^ 10 m.moles A' is observed. This may be 
due the surface condensation of NA molecules on AC surface 
(13). Actually with the rise in temperature the carboxylic 
groups of NA molecules are desolvated, making it a less 
50 
hydrophilic and more compact which increases the surface 
activity and saturation value. Because of the increase 
in compactness (decrease in effective surface of adsorbate) 
with the rise in temperature, adsorption increases 40 and 
60 C and finally a capillary condensation effect is seen 
at 60°C (14). 
The adsorption isotherms in presence of NaC^ l 
show a pattern quite different from those of aqueous me-
dium. Here, the adsorption process may be divided into 
two groups, first the group of 30° and 40*^ C, and the 
second of 50*^  and 60°C. In both the groups the total 
adsorption increases with the rise in temperature indepen-
dently as discussed earlier. The reason of a completely 
different trend in this system from that of the pure aque-
ous one can be explained as follows : 
1) Activation of the AC surface in the presence of Na'Cl 
by removal of oxygenated complexes from the surface. 
2) A decrease in the hydrogen bonding between the func-
tional groups of NA and that of AC due to the salt for-
mation on these groups. 
The presence of NaCl decreases the adsorption 
of NA at 30 C (as compare to pure aqueous system) might 
be due to a slight decrease in a hydrogen bonding. There 
is an marked increase in the adsorption of NA. It may 
be due to the removal of oxygenated complexes from the 
surface and hence an increase in the adsorption, at this 
temperature, is probably due to the change in orientation 
51 
o£ NA molecules (from parallel to perpendicular to the 
surface of AC) leading to a partially porefilling nature 
(15). 
A decrease in the adsorption of group II of 
NaCl medium may be interpreted in term of a large decrease 
in the hydrogen bonding* This change in the adsorption 
pattern may be due to a desolvation of functional group 
of AC at the elevated temperatures (50° and 60°C) and 
further the salt formation of the functional groups pre-
sent on the surface and the adsorbate molecules. Thus 
the salt formation enhances the solvation of functional 
groups resulting in a decrease in the compactness of the 
adsorbate molecules (NA) causing thereby a decrease in 
adsorption. 
The adsorption process in both the systems fo-
llow a reverse trend between 30 and 40*^ C and a similar 
trend between 50° and 60°C. At 30° and 60°C, in the sim-
ple system^ the adsorption are almost same but in the Nacl 
system, they are quite different. 
The thermodynamic parameters (Ink,AG and AS) 
for the two systems are plotted as a function of tempera-
ture in Fig. 2.4. It is interesting to note from these 
data that the ordering of the adsorbed NA molecules on 
AC decreases with the increase in temperature between 30° 
and 40 C in pure aqueous meditun but it increases between 
40° and 60°C in presence of Nad. Thus ordering of NA 
52 
I L J L 
-(f- J l^^u-L - f Z - L 
o 
o 
o 
o 
o 
a. 
E 
I I I I 
( i_>ii-*io"^r>t)£_oi x s V 
2 
3 
O 
u 
O III 
«x 
O o 
o: z 
3 - . 
a. o 
z z 
o • o 
o 
o 
o I o o 
( t_»|0UJf>i )9v 
o 
o 
*o 
o 
o 
• • 
o 
n 
O 
o 
«o 
o 
• 
o. 
E 
* 
• -
z 
U) 
a 
UJ 
l i . 
u. 
o 
1— 
< 
V) 
a. 
•— 
UJ 
< 
ct 
< 
a 
u 
z < 
z > 
o 
o 
z Q: 
( i j 
Ul 
0 3 
t - < 
O Q : 
u j Z 
X U ) 
• - 1 -
>r 
(«4 
O 
u. 
o 
—1 O 
e 
a. 
E 
in 
6 d I 
o 
I 
) | U | 
53 
raolectiles becomes equal 6t 30^ and 60 C* It means that 
the NA molecules lie parallel ( in the highest ordered 
manner ) on the surface of AC at 30^C« The molecules 
become perpendicular (a highly disordered manner) to the 
surface at 40^C and this results in the highest adsorption 
of NA« Since the overall process exothermic (table 2,5), 
an increase in temperature is unfavourable for adsorption 
in such a case* 
The presence of Hacl makes the process endother-
mic. The effect of NaCl is evident in the entropy data 
which lie above the level attained at any temperature in 
the pure aqueous system* This sho%rs that in the presence 
of NaCl the molecules are contpactly arranged on the surface 
of AC than in its absence* In this system entropy decreases 
from 30° to 40°C and 50® to 60**C independently reaching 
the highest value at 50°C* The pattern is similar to the 
adsorption data sho%m in fig* 2*1 and discussed earlier* 
At 40°C« the As value is minimum which is very close to« 
but still higher than the value of the AS obtained in 
pure aqueous medium at this temperature* This further su-
ggests that NA/AC system in NaCl medium at 40°C is the most 
stable system and shows the highest value of Am. Further, 
the presence of Nacl enhances the adsori>tion capacity as 
well as stability of the system probable due : 
1) The increase in physical forces* 
2) The decrease in Nicotinic acid-solvent interactions and, 
3) Perpendicular arrangement of the molecules on the sur-
face of AC* 
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with the rise in temperatxure, tjoth Am and entropy 
change increase may be due to the increased desoivation 
of - COOH groups of adsoroate and hence a more ccsnpact 
arrangement of NA moiecuj.es, Tnese findings forecast the 
nigh potentiality of activated carbon xn the sewage water 
treatment to remove these types of pollutants, particuxany 
in presence of NaCl ana at a moderate temperature nearly 
40°C. 
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C H A P T E R I I I 
ADSORPTION OF 2 , 6 - LUTIDINE ON ACTIVATED CARBON 
In chapter II« the adsorption behaviour of 
nlctOQic acid towards activated carbon has been discu-
ssed* In continuation o£ a systematic study of tertiary 
nitrogen containing compounds* here the adsorption beha-
viour of 2,6 - Xutidine (2,6 - Dimethyl Pyridine, DMP) 
on activated carbon (AC) has been described. Principal 
objective of this investigation is to understand the 
surface reactions affecting the adsorption of such com-
pounds on the surface of AC. As a systematic study, the 
adsorption of two extreme cases namely an acid (Nicotinic 
Acid) and a base (2,6 - lutidine) has been carried out 
which might reflect the nature of adsorbate-adsorbent 
interactions in such a system. 
The present study deals with the result obtained 
by the adsorption of DHP on the surface of AC. The mecha-
nism is also proposed to understand the adsorpti^a behavi-
our of DMP towards AC, The appropriate thermodynamic 
parameters in pure aqueous and Nacl media have also been 
discribed at a particular surface covereage. 
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eXPSRIMSNTAL : 
Reagents and Chemicals : 
Activated carbon no - E4 34011 was obtained from 
£.Merck India Ltd. 2«6 - Lutldlne was obtained from Sigma 
(U.S.A.)• All other reagents wereof analytical grade. 
Apparatus s 
A water bath Incubator shaker having a tempera-
ture variation of + 0.5*^ 0 was used for the equilibrium 
studies. 
Preliminary treatment of Activated Carbon : 
The activated carbon (AC) was used after drying 
at 105°C for 2 hr. It was purified by stirring In IM 
hydrochloric acid for 3 hr. The AC was then filtered, 
wasted with distilled water till free from chloride Ions 
and drying at lOS^C (1). The washed and dried AC was then 
kept In a soxhlet apparatus for about 10 days. The mate-
rial was removed from soxhlet* dried and stored in a dessl-
cator over P^^c* 
Adsorption studies : 
Samples of 0.5 gm of the purified AC were shaken 
with 50 ml of 2 .f 6-lutldine solution of different concen-
tration at 30®, 40®, 50° and 60°C for 72 hours. Prelimi-
nary studies have shown that equilibrium is reached with 
in this period. The adsorption of 2 ^  6-lutidlne on AC 
was studies in pure aqueous and O.IM Nacl media. 
59 
After 72 hours the equillbrlating solution were 
fillered and titrated with standard HCl using melthyl 
orange as indicator to find out the equilibriiim concentra-
tion (Ce) of 9^  DMP. The amount of DHP adsorbed on AC (Am) 
was calculated from the difference of DMP added (Ci) and 
DMP found (Ce) after adsorpticna in solution* 
Thus Am B Ci - Ce 
The units of Ce and Am used in this chapter are m moles/t 
and ro* moles/gm respectively. 
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R E S U L T S 
The analysis of the DMP adsorption data reveals 
some interesting results. They follow a mixed trend in 
the adsorption pattern. Some obey the Preundlich adsorp-
tion type behaviour and the other Langmuirian type. Table 
3.1 summarizes these trends and compares the coefficients 
of determination of least squares fitting (r) obtained by 
the computer analysis of the data. 
TABLE_^3^1 
Coefficients of determination of least squares fitting(r) 
in aqueous and NeCl media at different temperatures. 
Tempera-
ture 
30°C 
40®C 
50°C 
60®C 
Pure aqueous 
Preundaich 
Isotherm 
0.9852* 
0.9942* 
0.9941* 
0.9927 
Medium 
Langmiuc 
Isotherm 
0.9811 
0.9911 
0.9884 
0.9966* 
O.IN Nacl 
Preundlich 
Isotherm 
0.9884 
0.9960* 
0.9657 
0.9946 
Medium 
Langmiur 
Isotherm 
0.9942* 
0.9936 
0.9952* 
0.9957* 
The r values with an asterisc represent the 
best fitting of the type of adsorption isotherm. 
The value of Am, Ce, loAm andlnce at all the 
temperature of study in pure aqueous and NaCl media are 
summarized in tables 3.2 and 3.3. to be tested m tne 
81 
Preundiich equation : 
in Am = in K + 1/n . m Ce 
The plots of Am versus Ce, are presented In figtire 
3.1. Simxlarly the plots of In Am versus xn Ce are given 
in figure 3,2 whxch show tne Preundiich type adsorption 
isotherms. 
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F i t t i n g of F r e u n d l i c h Equa t ion , 
Adsorp t ion of DMPonACln pu re aqueous Medium, 
At 30®C 
Ce Am InCe InAm 
0.6000 
3 .2000 
8 .0000 
8 .8000 
10.6000 
13.8000 
17.8000 
0.8600 
1.4000 
1.7800 
2.1300 
2.3800 
2.5200 
25-2000 
-0 .5108 
1.1632 
2.0794 
2.1748 
2.3609 
2.6247 
2.8792 
-0 .1508 
0.3365 
0.5766 
0.7561 
0.8671 
0.9243 
0.9243 
The s t a t i s t i c a l p a r a m e t e r s a r e as under 
0 .9852, K = 0 .9934, l / n « 0 .3351 
At 40**C 
Ce Am iJriCe ItiAm 
0 . 6 0 0 0 
2 . 6 0 0 0 
5 . 2 0 0 0 
8 . 6 0 0 0 
1 0 . 4 0 0 0 
1 3 . 0 0 0 0 
1 5 . 4 0 0 0 
0 . 8 6 0 0 
1 .4600 
2 . 0 6 0 0 
2 . 1 5 0 0 
24O00@ 
2 . 6 0 0 0 
2 . 7 6 0 0 
- 0 . 5 1 0 8 
0 . 9 5 5 5 
1 .6487 
2 . 1 5 1 8 
2 . 3 4 1 8 
2 . 5 6 4 9 
2 . 7 3 0 0 
- 0 . 1 5 0 8 
0 .3784 
0 . 7 2 2 7 
0 .7655 
0 .8755 
0 . 9 5 5 5 
1 .0152 
The s t a t i s t i c a l parameters are as under 
r • 0.9947, K » 1.0478, l /n » 0.3563 
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At 50°C 
TABLE 3 .2 (Continued) 
Ce Am ln;Ce In^Am 
0.4000 
1.8000 
4.5000 
7.5000 
10.0000 
13.4000 
19.0000 
0.8200 
1.5400 
2.0300 
2.2600 
2.4400 
2.9600 
3.1000 
-0.9163 
0.5878 
1.5041 
2.0149 
2.3026 
2,5953 
2.9444 
-0.1985 
0.4318 
0.7080 
0.8154 
0.8920 
1.0852 
1.1314 
The stattstioal . parameters are as under 
r • 0 .9940, K « 1 .1732, 1/n » 03396 
At 60°C 
Ce 
0.3000 
1.5000 
3.6000 
5.6000 
7.0000 
10.0000 
12.4000 
17.4000 
Am 
0.8300 
1.5700 
2.2200 
2.4500 
2.7400 
2.8600 
3.0600 
3.2600 
InCe 
- 1 . 2 0 4 0 
0 .4055 
1 .2809 
1 .7228 
1 .9459 
2 . 3 0 2 6 
2 . 5 1 7 7 
2 . 8 5 6 5 
In Am 
- 0 . 1 8 6 3 
0 . 4 5 1 1 
0 .7975 
0 , 8 9 6 1 
1 .0080 
1 .0508 
1 .1184 
1 .1817 
The s t a t i s t i c a l parameters are as under 
0 .9926, K - 1 .3299, 1/n - 0.3412 
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TABLS^3.3 
F i t t i n g of Freundllch equation 
Adsorption of DMP on AC i n NaCl Medium 
At 30°C 
Ce 
0.5000 
3.8000 
6.8000 
10.8000 
14.0000 
16.6000 
AlB 
0.9500 
1.6200 
2.3200 
2.4200 
2.6000 
2.6400 
IflCe 
- 0 . 6 9 3 1 
1 .3350 
1 .9169 
2 .3795 
2 . 6 3 9 1 
2 .8094 
InAm 
- 0 . 0 5 1 3 
0 . 4 8 2 7 
0 .8416 
0 ,8838 
0 .9555 
0 . 9 7 0 8 
The s t a t i s t i c a l peurameters are as unde 
r - 0 .9884, K » 1.1667, 1/n » 0.3040 
At 40°C 
Ce 
0.6600 
3.0000 
6.8000 
9.4000 
11.0000 
15.6000 
Am 
0.9340 
1.7000 
2.3200 
2.5600 
2.9000 
2.9400 
iQCe 
- 0 . 4 1 5 5 
1 .0986 
1 .9169 
2 . 2 4 0 7 
2 . 3 9 7 9 
2 . 7 4 7 3 
InAm 
- 0 . 0 6 8 3 
0 .5306 
0 .8416 
0 . 9 4 0 0 
1 .0647 
1 .0784 
The s t a t i s t i c a l parameters areas unde 
r • 0 .9960, K « 1 .1094, 1/n « 0.3769 
b7 
At 50®C 
TABLE 3 .3 (Continued) 
Ce Am InCe InAro 
0.6000 
1.7000 
5.0000 
9.2000 
11.2000 
13.8000 
0.9400 
1.8300 
2.5000 
2.5800 
2.8800 
3.0800 
-0.5108 
0.5306 
1.6094 
2.2192 
2.4159 
2.6247 
-0.0619 
0.6043 
0.9163 
0.9478 
1.0578 
1.1249 
The s t a t i s t ^ a l parameters are "as *tinder 
r » 0 .9657, K « 1,2858, 1/n » 0.3466 
A^ 60°C 
Ce 
0 . 4 2 0 0 
2 . 0 0 0 0 
4 . 6 0 0 0 
7 . 6 0 0 0 
9 . 8 0 0 0 
1 2 . 6 0 0 0 
Ara 
0 . 9 5 8 0 
1 . 8 0 0 0 
2 . 5 4 0 0 
2 . 7 4 0 0 
3 . 0 2 0 0 
3 . 2 4 0 0 
InCe 
- 0 . 8 6 7 5 
0 . 6 9 3 1 
1 .5261 
2 . 0 2 8 1 
2 .2824 
2 . 5 3 3 7 
iQAm 
- 0 . 0 4 2 9 
0 . 5 8 7 8 
0 . 9 3 2 2 
1 . 0 0 8 0 
1 .1053 
1 .1756 
The s t a t i s t i c a l parameters are as under 
r - 0 .9946, K - 1.3570, 1/n » 0.35796 
bS 
Th« values of Am, Ce, Ce/Am at the temperatures 
studied in pure aqueous and NacI media are suromerlzed in 
table 3*4 and 3,5 to be tested in the Langmulr equation: 
Ce/Am m i/k. 1/b + (1/b) Ce 
The plots of Am versus Ce and Ce/Am versus 
Ce are presented in figures 3,1 and 3.3 respectively. 
TABLE 3.4 
F i t t i n g of Langmuir Equation 
Adsoroption of DMP on Ac in pure aqueous Medium, 
At 30°C 
Ce Am Ce/Am 
0.6000 
3.2000 
8.0000 
8.8000 
10.6000 
13.8000 
17,8000 
0.8600 
1.4000 
1.7800 
2.1300 
2.3800 
2.5200 
2.5200 
0.6977 
2.2857 
4.4944 
4.1315 
4.4538 
5.4762 
7.0635 
The statistiLceiL parameters are as under 
r m 0 .9810 , K • 0 .3500, 1/b - 0.3454 
b9 
TABLE 3 . 4 (Cont inued) 
At 40°C 
Ce Am Ce/Am 
0 . 6 0 0 0 
2 . 6 0 0 0 
5 . 2 0 0 0 
8 . 6 0 0 
1 0 . 4 0 0 0 
1 3 . 0 0 0 0 
1 5 . 4 0 0 0 
0 . 8 6 0 0 
1 . 4 6 0 0 
2 . 0 6 0 0 
2 . 1 5 0 0 
2 . 4 0 0 0 
2 . 6 0 0 0 
2 , 7 6 0 0 
0 . 6 9 7 7 
1 .7808 
2 . 5 2 4 3 
4 . 0 0 0 0 
4 . 3 3 3 4 
5 . 0 0 0 0 
5 . 5 7 9 7 
The sta^istloQiL parameters are as under 
r « 0 . 9 9 1 0 , K « 0 . 3 9 9 1 , 1 / b » 0 . 3 2 6 1 
At 50°C 
Ce AlB Ce/Am 
0 . 4 0 0 0 
1 . 8 0 0 0 
4 . 5 0 0 0 
7 . 5 0 0 0 
1 0 . 0 0 0 0 
1 3 . 4 0 0 0 
1 9 . 0 0 0 0 
0 . 8 2 0 0 
1 . 5 4 0 0 
2 . 0 3 0 0 
2 . 2 6 0 0 
2 . 4 4 0 0 
2 . 9 6 0 0 
3 . 1 0 0 0 
0 . 4 8 7 8 
1 .1688 
2 , 2 1 6 7 
3 .3186 
4 . 0 9 8 4 
4 . 5 2 7 0 
6 . 1 2 9 0 
The s t a t i s t i c a l , parameters are as under 
r « 0 . 9 8 8 4 , K » 0 . 3 9 9 4 , 1 /b - 0 , 2 9 6 0 
TABLE 3 . 4 (Cont inued) 
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At 60°C 
Ce Am Ce/Am 
0 . 3 0 0 0 
1 . 5 0 0 0 
3.6000 
5.6000 
7.0000 
10.0000 
12.4000 
17.4000 
0.8300 
1.5700 
2.2200 
2.4500 
2.7400 
2.8600 
3.0600 
3.2600 
0.3614 
0.9554 
1.6216 
2,2857 
2.5547 
3.4965 
4.0523 
5.3374 
The s t a t i ^ c a l parameters are as under 
r « 0.9965, K « 0.5433, 1/b = 0.2849 
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TABLE 3 . 5 
F i t t i n g of Langmulr Equat ion 
A d s o r p t i o n of DKP on AC i n H a d HediuRi 
At 30°C 
Ce Am Ce/Am 
0 . 5 0 0 0 
3 , 6 0 0 0 
6 . 8 0 0 0 
1 0 . 8 0 0 0 
1 4 . 0 0 0 0 
1 6 . 0 0 0 0 
0 . 9 5 0 0 
1 . 6 2 0 0 
2 . 3 2 0 0 
2 . 4 2 0 0 
2 . 6 0 0 0 
2 . 6 4 0 0 
0 . 5 2 6 3 
2 . 3 4 5 7 
2 , 9 3 1 0 
4 . 4 6 2 8 
5 . 3 8 4 6 
6 . 2 8 7 9 
The s t a t i s t i c a l parameters are as under 
r • 0 . 9 9 4 1 , K - 0 . 5 2 4 5 , 1 /b • 34312 
At 40°C 
Ce Am Ce/Am 
0 . 6 6 0 0 
3 . 0 0 0 0 
6 . 8 0 0 0 
9 . 4 0 0 0 
1 1 . 0 0 0 0 
1 5 . 6 0 0 0 
0 . 9 3 4 0 
1 . 7 0 0 0 
2 . 3 2 0 0 
2 . 5 6 0 0 
2 . 9 0 0 0 
2 . 9 4 0 0 
0 .7066 
1 . 7 6 4 7 
2 , 9 3 1 0 
3 . 6 7 1 9 
3 . 7 9 3 1 
5 . 3 0 6 1 
The s tatJstLcal parameters are as under 
r - 0 . 9 9 3 5 , K - 0 . 4 0 1 1 , 1 /b - 0 . 2 9 5 9 
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At 50°C 
TABLE 3.5 (Continued) 
Ce Am Ce/Am 
0 . 6 0 0 0 
1 . 7 0 0 0 
5 . 0 0 0 0 
9 . 2 0 0 0 
1 1 . 2 0 0 0 
1 3 . 8 0 0 0 
0 . 9 4 0 0 
1 . 8 3 0 0 
2 . 5 0 0 0 
2 , 5 8 0 0 
2 . 8 8 0 0 
3 . 0 8 0 0 
0 . 6 3 8 3 
0 . 9 2 9 0 
2 . 0 0 0 0 
3 . 5 6 5 9 
3 , 8 8 8 9 
4 . 4 8 0 5 
The s t a t i s b i c a l parameters are as under 
r « 0 . 9 9 5 1 , K - 0 . 6 1 9 7 , 1 /b « 0 , 3 0 2 9 
At 60°C 
Ce Am Ce/Am 
0 . 4 2 0 0 
2 . 0 0 0 0 
4 . 6 0 0 0 
7 . 6 0 0 0 
9 . 8 0 0 0 
1 2 . 6 0 0 0 
0 . 9 5 8 0 
1 . 8 0 0 0 
2 . 5 4 0 0 
2 , 7 4 0 0 
3 , 0 2 0 0 
3 . 2 4 0 0 
0 . 4 3 8 4 
1 .1111 
1 . 8 1 1 0 
2 . 7 7 3 7 
3 , 2 4 5 0 
3 . 8 8 8 9 
The s t a t i s t i c a l parameters are as under 
r » 9957 , K » 0 , 5 8 7 4 , 1 /b » 0 , 2 8 0 9 
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D I S C U S S I O N 
The adsorption process of 2,6 - lutidine (2,6 
Dimethyl Pyridine DMP) on activated carbon (AC) in pure 
aqueous and NacL media can be explained on the basis of 
following points : 
1) Sffect of ecpiilibrixim concentration 
2} Effect of temperature, and 
3) Presence of an electrolyte. 
The extent of adsorption in all these systems 
increases with the increase in equillbritun concentration. 
All the adsorption isotherms show two plateaus in both 
the media, except the one drawn at 60°C and in pure aque-
ous system. The first plateau in theisotherm occurs due 
to the adsorption of the adsorbate Hnolecule through the 
weak dispersive forces (vander Waal forces) resulting from 
the hydrophobic moity of the surfactant. At this stage. 
DMP molecules tend to lie flat on the surface of AC for-
ming a monolayer which is shown in figure 3.4. By the 
time the monolayer is complete, most of the "free* solvent 
molecules would be displaced surface of AC and DMP would 
be hydrated. Hence there will be a continuous layer of 
solved molecules in the interfacial layer of AC (2). The 
increase in temperature has a positive sole in the extent 
of adsorption in both the systems studied. This effect 
may be interpreted in the light of desolvation, Desolvation, 
with the rise in temperature, reduces the effective size 
of the adsorbote molecules and hence increases adsoprtion 
(3,4). 
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The subsequent stages of the adsorption are 
increasing mainly by the adsorbate - adsorbent interactions 
that initially determine how the adsorption proceeds when 
1st plateau (stage II) is observed. These interactions main 
ly depand upon the nature of the adsorbent and on the 
hydrophilic - lipophilic balance in the surfactant. In 
case of the NaCl medium, at 30°C, the point of inflection 
is observed earlier in the isotherm as compared to the that 
obtained in ptire aqueous medivun at the same temperature. 
The earlier rise in adsorption is mainly due to the for-
mation of multilayers of horizontally oriented adsorbate 
molecules. A slight increase in the equilibrium concent-
ration of DMP forms another layer of molecules having the 
same orientation on the first layer of the flatly lying 
DMP molecules. This causes an increase in adsorption. 
In pure aqueous systems at 35*^ , 40° and 50° C 
and in NaCl system at 40 , 50 and 60 C this stage of 
isotherm can be interpreted as follows: 
This stage occurs when neither type of the displacement is 
favoured and the adsorbate molecules remain flat on the 
surface. So there is no sharp increase in the DMP adsorp-
tion. An increase in adsorption may be due to the desol-
vation of DMP molecules. 
In all the isotherms, except at 60 C in the 
pure aqueous system, the change in amount adsorbed at the 
third stage of isotherm is large. It is observed that at 
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this stage the concentration of DMP in the bulk solution 
approaches to the critical micelle concentration (CMC) 
and there should be a tendency for the adsorbed molecules 
to aggregate in the bulk solution. This aggregation of 
DMP molecules makes there to be a vertically Oriented 
and forming a monolayer. The reason of the increased 
adsorption and reorientation of DMP molecules might be 
due to the increased lateral interactions among the DMP 
molecules at this surface covereage. 
With the rise in temperature the increase in 
adsorption might be due to the adsorbate - solvent inter-
action rather than the adsorbate - adsorbent interaction. 
The above mentioned orientations result in the desolvation 
of the adsorbate layer and formation of a second layer 
above the first one. At a higher temperature these layers 
or clouds change to a lamelar mesophase structure which 
at a still higher temperature might convert to an amor-
phous adsorbate phase containing a very little water. The 
increase temperature ( 60 C in pure aqeous medium ) may 
also entrance the adsorbate - adsorbent interaction and/or« 
the aggregation of the adsorbate molecules in the bulk 
solution resulting thereby a veri:ically oriented, more 
closely packed layer on the surface of AC, The DMP appe-
ares to have this type of natxire in the pure aqueous 
system, when we get a single ill defind plateau. It may 
be due to the formation of an incomplete raonolaier. It is 
expected, on the basis of the theortical yalue of intercept 
D ^ / c / , 
-s 
^ 
^ A-/ 
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of the langmuir isotherm, that the platen will possibly 
be obtained at an equilibriiim concentration (Ce) of 26m. 
moles/L corresponding to a saturation capacity of 3,5 m, 
moles/gm. (see figure 3*1 a). 
It has been obsexrved that the presence of 0-lM 
Nacl increases the total adsorption of DMP on AC ( Table 
3.6 ). 
T^A_B_L_E_3.6 
The values of total adsorption of DMP on AC 
observed at Ce » 13 ro.moles/gm at the different temperature: 
S.No. Temperature Total adsorption in Total adsorption 
pure aqueous system in NaCl system 
(ro.moles/gm.) (m.moles/gm.) 
2.55 
3.05 
3.15 
3.25 
Actually the electrolyte alters the solubility, 
surface activity and aggregation properties of DMP and 
this has a marked effect on adsorption at the solid -
solution interphase. Thus an electrolyte that "saltsout" 
a surfactant would increase the adsorption t5,6). 
A comparision of DMP adsorption isotherms with 
nicotinic acid shows that the two adsorbate behave 
1 . 
2 . 
3 . 
4 . 
30°C 
40°C 
50°C 
60°C 
2.55 
2 .60 
2,95 
3.10 
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differently. The former shows a regularly increasing 
trend whereas the latter exhbits too many cross overs 
with the rise in temperature and equilibrium concentration. 
Also most of the isotherms belong to L-2 class (fig. 1.2} 
Although a few cross - overs are also observed in DMP 
adsorption isotherms, but they do not alter the trends 
in the total adsorption. 
The thermodynamic parameters namely enthalpy of 
adsorption, free energy change and the entropy change of 
both the systems are calculated from the thermodynamic 
equilibrium constant, K, and are shown in table 3.7. 
Apparantly, there is no regular trend in the 
variation of the thermodynamic data. It may be because of 
the simultaneous influences of the folloiring variables t 
1) Sguilibrium concentration 
2} Temperature and 
3) Extent of adsorption. 
To minimize the effect of these factors and to 
have aniformity in the system, for comparision, a parti-
cular surface covereage is selected and heat of total 
adsorption (i.e. Isosteric enthalpy of adsorption, Hm ads) 
is calculated ( 7 ). 
, dlnCe » - Arfies 
RT 
For this purpose the different values of the 
equilibritim concentration (Ce) at a particular surface 
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covereage (i.e. Am • 2.6 m.raoles/gm) are plotted against 
the temperature to find out the isosteric enthalpies in 
both systems (Fig. 3.5). The other thermodynamic parame-
ters are calculated on this basis and are shown in table 
3.8. 
The heat of adsorption of DMP on AC is negative 
in both the systems indicating an usual exothermic process. 
Since the 40 KJ/moles ^  /^^m^ 25 KJ/moles, the process 
appears to be a physisorption leading to a chemisorption 
The^6 values are negative in pure aqueous and 
Nacl media and they increase with the increase in tempe-
rature (fig. 3.6)• The negative values of AG indicate 
the spontaneous nature of the process. The process is 
found to be more spontaneous in pure aqueous system than 
in the presence of Nacl. The increased spontaneous nature 
in the aqueous system can be explained as follows : 
The presence of Nacl enhances the desolvatlon of 
COOH and -OH groups present on the surface of the adsorbent 
Also it decreases the H - bonding between the adsorbate 
and adsorbent making it less spontaneous. Further there 
may be a competition for adsorption between the electro-
lyte and DMP thus causing a decrease in the rate of adsor-
ption of the latter. 
As the results show the entropy of each system, 
remains almost constant with the rise in temperature. But 
in Nacl medium the entropy changes are more negative as 
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compared to that of pure aqueous system (fig. 3,6), This 
suggest the enhancement of the stability of the system, 
a the presence of Nacl perhaps due to the "saltingout" 
effect of Nacl as described earlier (6), It means that 
the adsorption takes place according to the process as 
discussed above in the light of the free energy change. 
Almost constant values of the entropy data, for both the 
systems, further support oxir model of adsorption of DHP 
lying parallel to the surface in the L-4 type isotherm. 
On the other hand in the L - 2 type adsorption isotherm 
the monolayer is formed leading to the maximxim adsorption 
of perpendicularly oriented molecules. It means that the 
entropy should increase in this care but it remains cons-
tant. It may be due to the increased lateral forces which 
are stabilizing the perpendicularly oriented DMP molecules 
upto the same extent as the parallelly oriented molecules. 
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